.
Rapid biplane Elema angiocardiograms were recorded with injection into various chambers, but in each case a left ventricular injection was performed with i14-18 ml Conray 420 per kg body weight.
Clinical, surgical, and pathological data The electrocardiographic, radiographic, and haemodynamic findings are summarized in Tables I to 3 . This girl had been dyspnoeic upon exertion from birth, but not orthopnoeic, and her exercise tolerance was considerably reduced when she was first seen by us at 2 years of age.
The physical signs were of isolated severe mitral stenosis, and included a left parastemal lift, a palpable second heart sound, a pulmonary ejection click, and a long apical mid-diastolic rumble with presystolic accentuation. The second heart sound was closely split, with a loud pulmonary component. There was no systolic murmur, no mitral opening snap, and no abnormality of the pulses.
Selective retrograde left ventricular angiocardiography indicated a large high ventricular septal defect, through which the right ventricle and pulmonary artery opacified. Pulmonary venous return was normal to an enlarged left atrium. Between the left atrium and left ventricle was a constant, thin, crescentic filling defect which did not move as mitral leaflets do (Fig. I) On physical examination at the age of 13 years she was severely cyanosed, with pronounced digital clubbing. The peripheral pulses were normal, but her jugular venous pressure was i cm above the sternal angle at 450, with the 'a' and 'v' waves of equal height. There was severe right ventricular hypertrophy on palpation, with both heart sounds palpable. The first and second heart sounds were single. At the lower left sternal border there was a long, early systolic murmur of moderate intensity. There was also a very loud apical mid-diastolic murmur with presystolic accentuation but no snap.
Selective anterograde right and left ventricular, and retrograde aortic root angiograms were performed. With the catheter through a ventricular septal defect, a normally situated left ventricle was seen, from which the only exit was a large ventricular septal defect which was well below both semilunar valves (Fig. 2b) . The mitral valve was displaced somewhat downward from its normal position, and the leading edge of the anterior leaflet as seen in the frontal projection was unusually curved. In the lateral projection during diastole the 'eggtimer' appearance of parachute mitral valve was clearly seen (Fig. 2b ). There was a well-developed bilateral conus and the aortic valve lay somewhat above and a b FIG. 3 a) Case 2. Lateral projection, retrograde aortogram. A second transvenous catheter lies in the pulmonary artery. There is a pseudocoarctation (C) associated with pronounced distortion of the aortic isthmus, and an aortic ductus diverticulum (*). The presence of aortic/ mitral discontinuity is demonstrated by the two white arrows, one pointing to the aortic annulus, and the other to the kink in the greatly enlarged circumflex left coronary artery, at the point where it passes into the atrioventricular groove. This is an external landmark of the mitral annulus. This interpretation of the appearances resulted from multiple comparisons of the position of the circumflex artery and mitral valve annulus in pairs offrames from the left ventricular and aortic root injections, matched for timing within the cardiac cycle. b) Case 4. Diastolic frame, selective retrograde left ventricular angiocardiogram in lateral projection. An elongated, faint, filling defect (solid black arrows) connects the mitral orifice with the single posteromedial papillary muscle, thusgiving rise to an 'egg-timer' deformity. Above this (hollow black arrow) is a subaortic stenosis. Note the similarity of appearance of the pseudocoarctation in this Figure and in Fig. 3a . A hollow white arrow marks the aortic ductus diverticulum. A solid white arrow marks the very small ventricular septal defect, and an open white arrow points to a ductus diverticulum. AO = aorta, C = coarctation.
anterior to, and well to the right of the pulmonary valve. There was a mild preductal coarctation associated with considerable aortic distortion and a short aortic ductus diverticulum (Fig. 3a) .
Open intracardiac operation was performed (P.B.D.) under cardiopulmonary bypass and moderate total body hypothermia (30°C).
The findings were: double outlet right ventricle with the aorta lying anteriorly and to the right; the ventricular septal defect was large and some 5 cm from either semilunar valve; the anterior cusp of the tricuspid valve was attached around the superior margins of the ventricular septal defect; there was pronounced subaortic muscular obstruction, and a supravalvar mitral stenosing ring and underlying this a parachute mitral valve. The subaortic muscle was resected and after detaching the abnormal tricuspid insertion an intraventricular connexion between the left ventricle and the aorta was created. The tricuspid tissue was reattached to the right side of the patch. The mitral valve was exposed by a transseptal right atrial incision. The supravalvar ring was excised and the deformed mitral valve was removed and replaced by a i9 mm Bjork-Shiley prosthesis.
After correction pressures were: left ventricle iI5/I5, aorta 85/44, right ventricle 70/8, left atrium (mean) 20, right atrium (mean) io mmHg.
Postoperatively the child needed intensive management for several days but then recovered well. She was discharged from hospital on the igth postoperative day.
Since operation she has made steady progress, with good effort tolerance, no chest pain, and resumption of normal schooling.
Case 3
A heart murmur was first noted in this boy at age 5 years. Over the next 5 years he grew slowly and developed exertional dyspnoea and tiredness and had a possible syncopal episode at age IO years. There was a family history of two maternal relatives dying suddenly during exertion at age I8 and 2I years, respectively. At 6 years of age, left ventricular and femoral artery puncture had demonstrated no systolic gradient except during postextrasystolic beats.
On physical examination at IO years old, his pulses were synchronous, regular, and jerky. The left ventricular impulse was forceful. A systolic thrill was palpable at the apex beat and suprasternal notch and there was a palpable carotid thrill. A long ejection systolic murmur was heard maximally at the lower left sternal border with a third heart sound and mid-diastolic murmur at the the apex. Selective retrograde and antegrade right ventricular angiocardiograms indicated that the right ventricle and pulmonary arteries were normal. Pulmonary venous return was to an enlarged left atrium. There was no crescentic shadow between the left atrium and ventricle, but the mitral valve showed the 'egg-timer' deformity of parachute mitral valve (Fig. 2C) . Though the single papillary muscle did arise from the posterior left ventricular wall, it was much thicker during systole than in the other patients (Fig. 4a) At open intracardiac operation in August I969 (M.I.I.), before starting heart-lung bypass the left ventricularl aortic peak systolic pressure gradient was found to be 8o mmHg, but was abolished by injection of intravenous phenylephrine. Digital exploration of the left atrium revealed an important jet of mitral regurgitation. The aortic valve was slightly thickened but otherwise normal.
There was a stenotic diaphragm, barely admitting the tip of a little finger, I5 mm below the aortic annulus, and a parachute mitral valve, whose grossly hypertrophied papillary muscle divided the left ventricular cavity into two compartments. The two mitral cusps each had two very thick portions, giving the impression of a quadricuspid valve.
The diaphragm and mitral valve were excised, and the latter replaced with a frame mounted autologous fascia lata valve 22 mm in diameter. At the end of the procedure there was no aortic valve gradient.
The postoperative period was relatively uneventful. Thereafter the child did well, apart from developing recurrent episodes of nocturnal cough. Reinvestigation three years after operation with angiocardiography (Fig. 4b, Table 3 ) indicated a moderate gradient across the fascial valve which was competent. There was trivial residual subaortic stenosis, and the response to postextrasystolic beats of the left ventricular and aortic pressure was normal. There were no angiocardiographic features of hypertrophic obstructive cardiomyopathy.
Case 4
This girl was asymptomatic apart from slow weight gain in infancy.
On physical examination at 6 years of age, she was acyanotic, with normal peripheral pulses. There was a systolic thrill extending from the apex to both carotid arteries, and a diastolic apical thrill. The apical impulse was single and thrusting. There was a long, rough systolic murmur over most of the praecordium and a loud apical mid-diastolic murmur, of moderate length and without presystolic accentuation. The second heart sound was normal and there was no click or snap.
Angiocardiography was carried out with selective injection into the pulmonary artery and left ventricle. There was mild enlargement of the left atrium but no evidence of any supravalvar diaphragm. The mitral valve showed the 'egg-timer' deformity and there was a discrete subaortic diaphragm, and a small ventricular septal defect. The aortic valve cusps were thickened and there was a mild aortic coarctation with considerable tortuosity at the isthmus (Fig. 3b) .
In Case 5 This baby, weighing 2097 g, was product of a 38-week breech delivery and was admitted as an emergency at i month of age with a history of dyspnoea and feeding difficulties for a week.
On physical examination she was acyanotic with a respiratory rate of I20/min, but no hepatomegaly. The upper limb pulses were bounding but the femoral pulses were weak. The flush pressures in the arms were 120 mmHg and in the legs 6o mmHg. Palpation of the praecordium was normal. On auscultation the first and second heart sounds were normal apart from accentuation of pulmonary closure. There was a short unimpressive systolic and a loud mid-diastolic murmur at the apex.
Angiocardiography with selective retrograde injection demonstrated a hypertrophied left ventricle. The mitral valve was competent, but in diastole the characteristic 'egg-timer' appearance of parachute mitral valve was seen (Fig. 2d) . Furthermore, the anterior leaflet was tethered inferiorly so that it could not move normally into the left ventricular outflow tract in diastole. In systole (Fig. 5) 
Discussion
Parachute mitral valve and supravalvar mitral ring are at first sight different entities. They are discussed together because they both cause congenital mitral valve obstruction and frequently coexist with one another and with a complex of other abnormalities (suboartic stenosis, coarctation of the aorta, and to a lesser extent ventricular septal defect and bicuspid aortic valve) (Shone et al., I963) . Three of the patients described above had parachute mitral valve, one had supravalvar mitral ring, and one had both. Operative or postmortem confirmation of the diagnosis was obtained in all patients except Case 4. This patient, however, not only had angiographic appearances typical of parachute mitral valve (v.i.) together with haemodynamic evidence of mitral obstruction, but also all four of the above associated lesions.
An apical mid-diastolic murmur is common in patients with ventricular septal defect, coarctation of the aorta, and subaortic stenosis, without there being organic mitral stenosis. Thus the clinical recognition of mitral valve obstruction in the presence of these other lesions may not be easy.
One of the patients (Case 3) had obvious signs of mitral incompetence. In the remainder, whose mitral valves were competent, the apical middiastolic murmur was unduly prominent in the clinical picture as a whole. Obtaining a valid left atrial pressure therefore became a first priority in investigation. In both patients with large ventricular septal defects (Cases i and 2), the high values oftotal pulmonary resistance (Rp) and its ratio to systemic resistance (Rs) would have contraindicated surgery had not mitral obstruction been recognized. Values of pulmonary vascular resistance, though raised, were low enough to permit surgical correction of the important abnormalities with a moderate fall in right ventricular pressure as measured on the operating table after intracardiac correction. This was achieved without mitral valve replacement in the 2-year-old patient with supravalvar mitral ring, as has previously been reported in one io-year-old patient (Lynch et al., I962) . Since the obstruction due to parachute mitral valve cannot be adequately corrected without mitral valve replacement (Terzaki et al., I968) , which may have disadvantages in small children (Robinson and (Fig. 4) and operative findings suggest that it was the papillary muscle and not the mitral leaflets that caused functional subaortic stenosis, by dividing the left ventricular cavity into two portions during systole. This obstruction would be abolished by interventions such as phenylephrine, which increase left ventricular volume, thus allowing more room for the hypertrophied papillary muscle.
Furthermore, the posterior site of origin of the single papillary muscle which was present in all 4 patients would be expected to prevent rather than cause apposition of the anterior leaflets of the mitral valve to the septum during systole.
The normal mitral valve has two leaflets in an anterior and posterior position. The papillary muscles are anterolateral and posteromedial, and chordae tendineae from each papillary muscle insert into both mitral cusps. Thus when the mitral valve opens there is a wide central orifice. If only a single papillary muscle is present and the chordae are somewhat short, the anterior and posterior leaflets are held together during diastole, so that blood must egress through the interchordal spaces (Shone et al., I963) .
If the single papillary muscle lies in the normal position of the posteromedial papillary muscle, as was demonstrated in these 4 patients, the normal diastolic anterior movement of the anterior leaflet will be restricted and there may be loss of the usual appearance of swinging of the anterior leaflet on the left and non-coronary aortic sinuses, whereby mitral-aortic continuity is normally diagnosed (Hallerman et al., I970) . This was evident in Case 5 and present to a lesser extent in Case 4. In Case 2 restricted movement of the anterior mitral leaflet was obvious, but mitral/aortic continuity was in any case not present as both great arteries originated from the right ventricle.
Angiocardiographic diagnosis of parachute mitral valve is not made easier by the fact that its two major components, the valve leaflets and papillary muscle, are best visualized at different times in the cardiac cycle. The leaflets are best observed during ventricular diastole when unopacified blood is traversing the mitral orifice, whereas papillary muscles are easier to identify during systole when they are shorter and thicker. Nevertheless we believe that parachute mitral valve can be identified with confidence by the subtle but unmistakable appearance of an 'egg-timer' shaped filling defect during ventricular diastole observed on the lateral angiocardiogram. The posterosuperior portion of the egg-timer is formed by the coned mitral leaflets and chordae tendineae, and the anteroinferior portion by the single papillary muscle (Fig. 2a) . In systole the papillary muscle alone is visualized, but this is not a specific finding, for reasons already stated. Since the papillary muscle has to be visualized in diastole, it is clear that it will only be seen on the highest quality angiocardiograms. The association of parachute mitral valve with origin of both great vessels from the right ventricle has been previously noted in 3 patients (Davachi et al., I97I) . To our knowledge, Case 2 in this series is the first to have undergone successful surgical correction, and is of further particular interest since, though the ventricular septal defect was some 5 cm below the pulmonary valve, left ventricular blood was preferentially directed into the pulmonary artery rather than the aorta. This observation conflicts with the classic view of the haemodynamics of origin of both great vessels from the right ventricle, which is that when the ventricular septal defect is subcristal, the crista deflects left ventricular blood preferentially into the aorta (Neufeld et al., I962) . The unusual streaming of blood in this patient may have been due to the abnormal attachment of tricuspid valvar tissue to the superior rim of the ventricular septal defect.
Preoperative diagnosis of supravalvar mitral ring has only been reported in one patient (Lynch et al., I962) and never angiocardiographically. Though it was specifically searched for preoperatively in both patients with this abnormality, it was diagnosed in neither. Transient regurgitation into the left atrium not infrequently demonstrates well a left atrial membrane in cor triatriatum (Miller et al., I964) , but regurgitation did not occur in these patients. Retrospectively it was possible to identify a thin crescentic defect between the left atrium and left ventricle (Fig. I ) during pulmonary venous return in both Case i and 2. This appearance has not been observed by us nor reported by others in congenital mitral valve stenosis, so it was presumably due to the supraventricular diaphragm. However the mitral leaflets could not be identified as separate from this structure. A supravalvar ring is so close to the mitral valve leaflets, and mitral leaflet abnormalities coexist so commonly with supravalvar ring, that exact preoperative distinction between congenital supravalvar and valvar mitral stenosis is inevitably difficult. Our current policy in patients such as Case 4 would be to explore the left atrium even if mitral obstruction is mild and no supravalvar diaphragm has been visualized angiographically, in the hope of finding an easily resectable supravalvar ring. The postoperative course in the 4 patients operated on was relatively uneventful. This re-emphasizes the possibilities of complex intracardiac corrections for congenital heart disease, provided that the significant haemodynamic lesions are recognized preoperatively and corrected at surgery.
